Five larval diets for laboratory rearing of Ceratitis capitata were tested. These diets were based on wheat bran, microcellulose, potato starch and agar. To evaluate the quality of diet, pupal rearing efficacy and pupal weight were checked. The best results were obtained with an agar based diet used for Manduca sexta laboratory rearing. To simplify the preparation and to reduce the cost of this diet, a new formulation was developed. Larvae reared on the new agar-based diet achieved higher pupal rearing efficacy than larvae reared on bran diet recently used in medfly mass rearing facilities. Heat treated medflies reared on the new agar-based diet achieved similar pupal rearing efficacy with heat treated medflies reared on bran diet. When testing population density, higher pupal rearing efficacy was again achieved on new diet. The highest pupal rearing efficacy was achieved with 100 eggs per 25 g of diet, lowest with 500 eggs per 25 g of diet. Concerning pupal weight, there was no difference in results achieved on Petri dishes with different larval population densities. Larvae reared on new agar-based diet reached better results than larvae reared on bran diet. The preparation of the new diet is simple and the cost is low, so it is good for laboratory tests and rearing.
Introduction
Ceratitis capitata (Wiedemann, 1824) (Diptera, Tephritidae) is a widespread insect key pest mass-reared for SIT programmes for many years (Lindquist 2000) . Several artificial diets were developed in recent decades with the aim to establish effective mass rearing of sterile males. Mitchell et al. (1965) developed a diet based on dehydrated carrot powder and brewer's yeast. They substituted expensive dried torula yeast for brewer's yeast. Dehydrated carrot powder was substituted by Tanaka (1969) for a suitable material with the same bulking and nutrient qualities of dehydrated carrot powder. Sawdust, sugarcane bagasse, bran, milled tissue paper, wheat shorts and wheat middling were among tested materials (Vargas et al. 1994; Chang et al. 2000 Chang et al. , 2001 .
Life parameters of medflies, diet consistency, distribution of nutrients in a diet, microclimatic conditions during larvae aggregation, availability of diet ingredients and amount of spent diet are key requirements for a suitable laboratory diet. Bran offers adequate consistency and texture for larvae rearing, but so does agar, starch or microcellulose diets. Diet must be dense enough and not sticky, so that larvae do not drown in the diet and are able to jump out of the rearing tray easily. The quality of the bran varies during the season, and depends on the cultivar of wheat, its storage conditions, pesticides and many other factors (Hooper 1987) .
We currently use bran diet according to Tanaka et al. (1969) in our rearing facility. Our aim is to develop a new laboratory diet suitable not only for laboratory experiments, but also for mass-rearing.
Material and methods

Ceratitis capitata rearing
In all experiments, the tsl Vienna 7 -Toliman strain of Ceratitis capitata (Diptera, Tephritidae) originated from Moscamed mass-rearing facility El Pino, Guatemala, was used.
Adults and larvae were reared in separated rooms. Adults were reared at a temperature of 24 ± 1 • C, air humidity of 60-80% and a 12/12 L/D photoperiod. Adult flies were maintained in a cage (80 × 80 × 70 cm) at a density of about 30,000 flying medflies per cage loaded at 1 : 1 sex ratio. Adult diet was made of yeast hydrolysate : sugar (1 : 3). Females laid eggs through the net walls of the cage. Eggs were collected in water filled vessels surrounding the base of the cage.
Temperature in the larval room was 23 ± 1 • C, air humidity was 80% with a photoperiod of 12/12 L/D. Eggs were seeded on a bran diet (6.5 ml eggs / 8 kg diet) according to Caceres (2002) . After larval development (8-9 days) larvae pupated in poplar sawdust in diet trays.
Diets testing
The same rearing conditions were used in all experiments. Eggs were collected from water under rearing cages. All the eggs were of the same age, 0-1 h old. Collected eggs were placed directly on the test diet (25 g) in Petri dishes (diameter 9 cm): 100 eggs were placed in each Petri dish, 10 478 M. Pašková 
Petri dishes were used for each test diet and the experiment was repeated three times. Petri dishes with eggs were kept in the adult rearing room. Hatched and unhatched eggs were counted after four days. The Petri dishes were placed in plastic boxes with poplar sawdust on the bottom shortly before pupation. Larvae jumped out of the diet and pupated in the sawdust. Pupae were sifted from the sawdust after five days. The following biological parameters were evaluated: pupal rearing efficacy and pupal weight two days before adult emergence. Tests were arranged and evaluated according to the Manual of Quality Control for Fruit Flies (IAEA/FAO/USDA 1998).
Heat treatment
Heat treated eggs were used in the second part of the experiment. Heat treatment was done with eggs placed on new agar-based diet and control was made with eggs placed on bran diet. In all experiments 500 eggs aged 0-1 h were placed in a Petri dish with 25 g of diet. After 24 h incubation at rearing temperature (25 • C), the Petri dishes were placed in a thermostat at 34 • C. The duration of the heat treatment was 12 h. Eggs finished their development in the rearing room. Ten Petri dishes of each sample were used and the experiment was repeated three times. Pupal rearing efficacy and pupal weight were evaluated.
Statistical analyses
Mean values ± standard deviations (SD) were calculated and the data were statistically analysed using one-way ANOVA, followed by Tukey test. For statistical analyses, percentages were transformed to arcsine √ p to meet the criteria of parametric statistical tests.
Results
Tested diets
Five experimental diets were tested to find the optimal diet for laboratory rearing of C. capitata. Tested diets were: a -bran diet as control; b -potato starch diet; c -microcellulose diet; d -Manduca sexta (L., 1763) diet and e -new agar-based diet (modified M. sexta diet). The composition of the starch diet and the microcellulose diet was similar to the bran diet (Table 1) , bran was substituted with potato starch and microcellulose in sufficient amounts to reach a suitable diet consistency for larvae rearing.
M. sexta diet was based on agar and is used in our laboratory for M. sexta rearing (Bell & Joachim 1976) . A new agar-based diet was prepared based on M. sexta diet by eliminating some ingredients which allowed simpler preparation of the diet and a lower cost. Eliminated components were Wesson salts, cholesterol, vitamin mix, linseed oil and antibiotics (Table 1) .
Rearing parameters
The pupal rearing efficacy in diets based on starch and microcellulose was very low (less than 5%), the larvae did not reach second or third instar, and pupae weight was less than 7.5 mg ( Table 2) .
The highest pupal rearing efficacy was observed in the M. sexta diet. Comparable and statistically not different results were also achieved on the new agar-based diet ( Table 2) . Pupal rearing efficacy was significantly lower on bran diet compared to both M. sexta diet and new agar-based diet. Pupal weight significantly differed in all tested diets and was highest in M. sexta diet (Table 2).
Heat treated eggs
The development of flies from heat treated eggs was compared with the development of flies from non-heat treated eggs. Tests were carried out on bran diet and the new agar-based diet. After heat treatment of eggs, pupal rearing efficacy was not significantly different between the new agar-based diet and on the bran diet ( Table 3 ). Pupae that developed on bran diet reached significantly higher weight than pupae that developed on the new agar-based diet. In the control treatment, significantly higher pupal rearing efficacy was achieved on the new agar-based diet than on the bran diet, however, pupal weight was higher on the bran diet ( Table 3 ).
Population density
Different population densities of larvae in the diets were achieved by seeding different numbers of eggs per Petri dish. Petri dishes were divided into four groups containing 100, 200, 300 and 500 eggs. Again, pupal rearing efficacy and pupal weight on the new agar-based diet and bran diet were compared (Fig. 1) . On the bran diet, the highest pupal rearing efficacy was achieved with 100 eggs per Petri dish and the significantly lowest one with 300 eggs per Petri dish (Fig. 1A) . Pupal weight was highest at a density of 300 eggs per Petri dish and lowest at 500 eggs per Petri dish (Fig. 1B) , but the differences were not significant. On the new agar-based diet, the highest pupal rearing efficacy was achieved with 300 eggs per Petri dish and the lowest with 500 eggs per Petri dish (Fig. 1A) . The highest pupal weight was achieved with 100 eggs per Petri dish and the lowest with 500 eggs per Petri dish (Fig. 1B) . In total, significantly higher pupal rearing efficacy was achieved on the new agar-based diet than on the bran diet, but pupal weight was higher in pupae that developed on bran diet.
Discussion
Ceratitis capitata has been mass reared for SIT programmes for many years. It is important to have optimum mass-rearing conditions to produce such males that are able to compete with wild strain males in mating with wild females. Proper larval diet is important not only to rear good quality larvae, but also to have vigorous adults. It is important to know the exact larval nutritional demands to be able to produce such a diet.
None of the diets used in rearing facilities have a M. Pašková known chemical structure, although there has always been an ambition to identify the composition accurately. The bran diet developed by Tanaka (1969) , used in our experiments as a control diet, was analyzed by several authors. Chan et al. (2000) analyzed the amount of protein, amino acids, fat, minerals, and carbohydrates in fresh diet, spent diet and in fruit fly larvae reared on this diet. Also the meridic diet of Chang et al. (2000) (with at least one unknown chemical structure) was based on Tanaka's diet. Chang et al. (2000) identified its suitability for larval development of C. capitata. The only unknown chemical structure in this diet was corncob. After removal of ten exogenous vitamins, percent pupal rearing efficacy, pupal weight and percent adult emergence decreased. Some of the vitamins (thiamine, nicotinic acid, riboflavin, pantothenic acid, pyridoxin, folic acid, biotin) mentioned in the studies mentioned above are present in M. sexta diet used in our laboratory (Table 1) . Pupal rearing efficacy and pupal weight were slightly higher on M. sexta diet, than on the new agar-based diet that is of same composition, but without the mentioned vitamins (Table 1) . Even though, medflies reared without these vitamins achieved acceptable results. Authors rearing different fly species achieved different results after excluding vitamins. Kumar & Anad (1992) found that removal of some nutrients like thiamine, nicotinic acid or panthotenic acid from Dacus dorsalis (Hendel, 1912) larval diet caused zero pupal efficacy, and omission of riboflavin, biotin or folic acid caused a large reduction in pupal recovery. Eymann & Fried (1985) deleted a vitamin mixture in the onion maggot Delia antiqua (Meigen, 1826) diet and found no development after third instar.
Diets containing wheat products (bran, wheat germs) in our study were the bran diet (bran), the M. sexta and the new agar based diets (wheat germ). Using these diets we gained better results in pupal weight and pupal efficacy than using diets without wheat products (the starch and microcellulose diets). Fay & Wornoayporn (2002) , after replacing wheat bran with various inert substrates in a diet, observed halved pupal recovery and reduced pupal size by 10% or more. This indicates that wheat products contain some nutrients important for larval growth. The problem with the bran diet is obtaining consistent quality. It also contains more bacterial impurities that can influence the quality of the diet. As wheat germ is the centre of a wheat grain, it is not influenced as much by external factors, and it contains more vitamins than bran.
Eggs are usually seeded at a density of 6.5 ml eggs/ 8 kg bran diet in mass rearing of C. capitata, which is approx. 507 eggs / 25 g diet. This amount corresponds with our biggest tested density of 500 eggs / 25 g diet. When comparing different larval densities we found that samples with a higher larval density produced more pupae, but the pupae had a lower weight. Some authors have used about the same larval density on diet during their experiments as we did, but their main aim was not to study this phenomenon. The effects of larval density were studied by Dukas et al. (2001) , who compared one, two, or three egg clutches laid in kumquat fruits (approx. 10 ml in volume). They found that laying more than a single clutch in a small fruit reduces larval success. This tendency was also apparent in our experiment, where samples with the smallest number of eggs (100) achieved the highest pupal rearing efficacy, while samples with higher larval density achieved smaller pupal rearing efficacy.
It is important to offer flies nutritionally rich diet not only in laboratory tests but also in their massrearing. It can be done by adding exogenous vitamins in the diet and by using wheat products (bran, wheat germ). In the present experiment, larvae reared on diet with wheat germ showed to be in better condition than larvae reared on bran diet. To get higher pupal efficacy, larval density must be appropriate to the diet amount.
